Rice noodle is one of the most popular foods consumed in Asia. However, rice flour lacks gluten that forms a cohesive dough structure in wheat-based noodles and for gluten-free, rice-based noodle formulations an alternative to gluten is needed. Therefore, the effects of the addition of hydroxypropyl methylcellulose (HPMC) as a replacement for gluten and the temperature of the water used for rice noodle preparation were investigated. Rice noodle contained high-viscosity HPMC (6%) had the smallest breakdown and the largest setback viscosity, also had better texture and sensory properties. The use of dough water at 80℃ was effective on reducing the cooking loss and improving the textural properties. The overall acceptability score was higher compared to that of the control. The results showed that using high-viscosity HPMC (6%) to replace gluten and kneading with water at 80℃ was the most effective protocol for improving the quality of gluten-free rice noodles.
hydration-dehydration characteristics in the solution state and during temperature changes. HPMC is capable of various functions such as emulsification, reinforcement, moisturization, shape preservation, and gelation (Bell, 1990; Lee et al., 2010) . Because HPMC undergoes a gel-sol phase transition with changes in temperature, it is able to form a mesh-like structure based on mutual reactions between hydrophobic functional groups. HPMC preserves its gel state under a certain range of temperature, making HPMC a suitable substitute for gluten in rice noodle processing (Lee et al., 2010) . Furthermore, HPMC is a soluble dietary fiber that enhances insulin efficiency and cholesterol synthesis by facilitating bowel movements and lowering the rate of fat absorption . This reduces the glycemic index (GI) of the noodles, and, thus, helps prevent obesity and diabetes (Jeya, 2001) . Moreover, research is underway for pasta (Purnima, 2012) , instant noodles (Farzi et al., 2013) , and bread (Marco and Rosell, 2008; Sabanis and Tzia, 2011) . HPMC is especially one of the most suitable to improve the volume and texture of the rice bread. However, only limited information is reported about HPMC effects in the rice noodle.
The objective of this study was to prepare rice noodles using HPMC as a substitute for gluten and to investigate their physical and cooking properties. As a method of improving rice noodle quality, the effects of addition of HPMC at various viscosities and the temperature of the water used for dough preparation were studied.
Materials and Methods
Materials Rice (Goami, amylose content: 27%) was obtained from the Rural Development Administration (Suwon, Korea) and ground into flour by air classifier mill system (Inchon, Korea). Table 1 .
Three types of HPMC (AnyAddy
Pasting properties The pasting properties of rice flour samples were studied using a Rapid Visco Analyzer (RVA; NewPort Scientific Instruments & Engineer, Australia). HPMC (L-HPMC, M-HPMC, or H-HPMC) was added to the rice flour at 0%, 2%, 4%, and 6% (w/w), respectively. Flour (3 g, 14% moisture) was directly weighed in the aluminum RVA sample canister, and distilled water was added to a total constant sample weight of 28 g.
A programmed heating-and-cooling cycle was used, where the samples were held at 50℃ for 1 min, heated to 95℃ for 7.5 min at a rate of 6℃/min, held at 95℃ for 5 min before cooling to 50℃ in 7.5 min, and then maintained at 50℃ for 1 min. Breakdown (peak viscosity-through viscosity) and setback values (final viscositypeak viscosity) were calculated from the pasting curve (Meadows and Barton, 2002; Rosell et al., 2011) . All tests were replicated 3 times.
Preparation of the rice noodles Rice noodles were prepared (rice flour 282 g, HPMC 18 g and water 210 mL) using a mixer (Model 555; KitchenAid, Inc. St. Joseph, MI, USA) for 10 min.
The temperature of the water used to knead the dough was either room temperature or 80℃. The dough was packed in plastic bags and rested at room temperature for 60 min. The dough was passed through the reduction rolls of a pasta machine (Atlas Pasta Machine, Italy) to produce uniform noodles (length, 20 cm; width, 3 mm; thickness, 2 mm). Noodles containing 11.5% (w/w) gluten were used as the control and the amount of gluten was adjusted to the gluten content in medium wheat flour. Control rice noodles were kneaded with room temperature water by the above method.
Texture analysis The texture of the rice noodles was analyzed within 15 min by using a texture analyzer (TA-XT2; Texture Technologies Corp., Scarsdale, NY, USA). Ten grams of noodles from each experimental group were boiled separately in 200 mL of distilled water for 5 min, drained, weighed, and used for studying the textural properties of the cooked noodles. The measurements were completed within 10 min after cooking.
A strand of cooked noodle (5 cm) with 2 mm thickness was placed on a flat metal plate and compressed using a cylinder probe speed of 1.0 mm/s with a rupture distance of 40 mm. The maximum force (g) required to break the cooked rice noodle strand gave an indication of sample resistance to the breakdown and the distance (mm) to break indicated its extensibility. The measurements were repeated 10 times for each sample.
Cooking properties
Water absorption: Samples of the rice noodles (10 g) were placed into 200 mL of boiling distilled water for 5 min. The boiled noodle samples that were removed from the cooking water were drained for 3 min and then weighed. Water absorption was expressed as the ratio of the mass of the noodle after and before cooking.
Water absorption (%)= Weight of cooked noodle (g) − Weight of uncooked noodle (g) Weight of uncooked noodle (g) × 100
······Eq. 1
Cooking loss: The boiled noodles were removed (see above) and the cooking water was collected in a beaker pre-dried to a constant weight. The beaker was placed into an air oven at 105℃
and evaporated to dryness. The residue was weighed and reported as a percentage of the starting material (calculated on the basis of dry weight).
Sensory evaluation Sensory analysis was carried out after cooking the noodle samples. The noodles were cut into 15 cm pieces and boiled for 10 min and cooling them to room temperature. Then the cooked noodles were served in dishes randomly labeled with 3-digit random numbers. The sensory evaluation of the noodle samples were evaluated by 10 trained panelists by using a 9-point hedonic scale with "9" denoting "liked extremely" and "1" denoting "disliked extremely". The sensory properties evaluated included color, odour, texture, taste, appearance and overall acceptability. The panelists were asked to rinse their mouths with water between each sample.
Statistical analysis All data obtained in this study were analyzed by Duncan's Multiple Comparison Method by using the Statistical Analysis System (SAS Institute Inc., Cary, NC, USA).
Significance was determined at p < 0.05 for all analysis. At least 3
replications were made for each measurement. Table 2 shows the RVA measurements taken of three different levels of viscosity (L-HPMC, M-HPMC, and H-HPMC) for samples containing 2%, 4%, and 6% HPMC, respectively. The production of rice noodles is difficult because of the lack of gluten. Gluten is the major structure-forming protein responsible for the viscoelastic properties of dough, and it contributes to the texture and appearance of the end products (Yalcin and Basman, 2008) . When rice is used as the only material to prepare noodle-like products, it requires some starch gelatinization to play the role of a binder (Lai, 2002) .
Results and Discussion

Properties of HPMC-containing rice dough
Therefore, HPMC was added to produce the rice noodles, and the breakdown and the setback viscosity of rice dough were observed.
A comparison of sample characteristics according to concentration levels revealed that breakdown viscosity significantly decreased as the concentration of HPMC increased from 2% to 6%. Lower breakdown viscosity reflects higher stability of the starch granule and less soluble starch (Cham and Suwannaporn, 2010) .
Setback viscosity measures the degree of hardening of cooked starch during cooling (Yang and Tao, 2008) . When setback viscosity is low, rice noodles do not turn sufficiently hard during the ripening period, leading to a less intricate structure. If rice flour is used without gluten, proper noodle production is nearly impossible because the resulting strands will have poor viscoelasticity and it will tend to break into pieces. From this experiment, we observed that the setback viscosity increased as HPMC concentration rose from 2% to 6%, and the noodles gained elasticity. Because rice noodles with low setback viscosity break easily, we continued to use 6% HPMC for further experiments, which was associated with high setback viscosity and low breakdown viscosity. Rosell et al. (2011) had also found that increasing concentration of HPMC in rice starch resulted in lower breakdown viscosity and higher setback viscosity.
Texture profile analysis of rice noodles containing HPMC
Texture property of cooked noodles is one of the most important characteristics that determines consumer acceptance of the product (Bhattacharya et al., 1999) . Table 3 displays the texture profiles of the rice noodles obtained using dough water at 2 different temperatures (room temperature and 80℃) and after adding 3 types (L-HPMC, M-HPMC, and H-HPMC) of 6% HPMC solutions. Rice noodles containing H-HPMC had higher values for springiness, hardness, chewiness and tensile strength compared to those containing L-HPMC. Raina et al. (2005) reported that the hydrophilic components of hydrocolloids interact with proteins because of ionic charges and improve the structure of the pasta. HPMC has water-retention properties because of its hydrophilic nature. HPMC also contains hydrophobic groups, which induce additional properties, including increased interfacial activity within the dough system and formation of gel networks when heated during noodle manufacturing (Lazaridou et al., 2007) .
Regarding the temperature of dough water, higher values for hardness, springiness, cohesiveness, chewiness and tensile strength were observed for samples prepared using dough water at 80℃ compared to samples prepared using water at room temperature.
HPMC exists in the sol state at low temperatures, but it gels at 63 _ 80℃, during which mutual reactions or interactions between the hydrophobic functional groups create a mesh-like structure and jelly-like coating layer (Lee et al., 2010) . Processing suitability improved when the dough water was at 80℃ and not at room temperature.
One of the critical quality problems of rice noodles, when compared to wheat noodles, is the mushy texture of the cooked noodles (Han et al., 2011) . In these experiments, we found that noodle hardness increased with higher values of HPMC viscosity due to the strong gel matrix formed. And the degree of increase was greater for noodles prepared using dough water at 80℃. The chewiness is the product of hardness, springiness, cohesiveness and therefore influenced by the change in these parameters. In this experiment, chewiness showed a tendency to increase with increasing hardness. Also, the tensile strength, which indicates how the sample holds together during cooking, was increased by addition the high viscosity HPMC and dough water at 80℃.
Noodles prepared with 6% H-HPMC and dough water at 80℃ exhibited a texture closer to that of the control group, and, therefore, such conditions could be applied to manufacture glutenfree noodles.
Cooking quality Cooking quality is important feature of noodles and it encompasses the following characteristics: (a) water absorption indicating water uptake during cooking and (b) cooking loss, related to solid leaching during cooking, considered as an indicator of the overall performance of the cooking process. Fig. 1 shows the results of water absorption and cooking loss of rice noodles after adding 6% HPMC at 3 levels of viscosity to the rice flour, and kneading with dough water at room temperature or 80℃.
Water absorption showed a decrease for noodles prepared with dough water at 80℃ compared to that prepared with water at room temperature. When water at high temperatures is used, the noodles do not absorb as much water because HPMC rapidly gels and develops a coating layer (Lee et al., 2010; Purnima and Ramasarma, 2012) . This is also accompanied by lower cooking loss, which is a measure of the elution of solid content during cooking.
The high cooking loss for noodles is undesirable as it represents high solubility of starch. This results in turbid cooking water and sticky mouthfeel (Bhattacharya et al., 1999) . Less than 7 _ 8% cooking loss is acceptable according to Dick and Youngs (1998) .
Compared to the control group, the HPMC-containing group showed significantly lower cooking loss; the value dropped to a greater degree at higher levels of HPMC viscosity. Purnima et al. (2012) reported that HPMC forms a network around the starch granules, possibly encapsulating the starch-protein matrix, and, contributing to the lower cooking loss. H-HPMC recorded the lowest water absorption and cooking loss, as it had the highest viscosity among the 3 types of HPMC, thereby forming the most effective coating layer.
Sensory evaluation
The results of sensory evaluation of rice noodles containing different HPMCs are shown in Table 4 . It displays the results for 6 parameters (color, odour, taste, texture, appearance and overall acceptability), for noodles prepared with dough water at room temperature and 80℃. The scores for color of the rice noodles with HPMC were significantly increased addition compared to that of the control (p < 0.05), regardless of temperature. Marco and Rocell (2008) reported that rice breads contained with HPMC showed a significant enhancement in the L value of the crumb compared to non-HPMC breads. The scores for taste, and texture in case of HPMC-containing rice noodles were lower compared to those of the control, but as the viscosity of added HPMC increased, the scores for texture and taste increased.
Notably the noodles prepared with high-viscosity HPMC (H-HPMC) and dough water at 80℃ had similar scores for texture (6.4) and taste (5.9), compared to the control (6.8 and 5.7, respectively). Samples containing HPMC and prepared using water at room temperature fared poorer than the control with respect to texture and taste. However, both texture and taste improved for the noodles prepared using dough water at 80℃. Compared to the control, H-HPMC-containing samples had high scores for color, odour, texture, and taste. Mushy texture is one of the critical quality problems associated with rice noodles. The addition of H-HPMC and use of dough water at 80℃ had a beneficial effect on the texture because of the interaction of HPMC with the starch granule.
These results indicated that addition of H-HPMC did not affect the overall acceptability of noodles because of similar mouthfeel and appearance.
From the results, it can be concluded that addition of 6%
H-HPMC and kneading with water at 80℃ was shown to be the most effective protocol to improve the quality of gluten-free ricebased noodles.
